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Construction of Capital Procurement Decision Making Models to Optimize Supplier
Selection Using Fuzzy Delphi and AHP-DEMATEL 
Abstract 
Purpose – Supplier selection for capital procurement is a major strategic decision for any
automobile company. The decision determines the success of the company and must be taken
systematically  with  the  utmost  transparency.  Therefore,  the  aim  of  this  study  is  the
construction of capital procurement decision making models to optimize supplier selection in
the Indian automobile industry. 
Design/methodology/approach – To achieve the stated objective, a combined approach of
fuzzy theory and AHP-DEMATEL is applied. Evaluation parameters are identified through
an extensive literature review and criteria validation has been introduced through a Fuzzy
Delphi method by using fuzzy linguistic scales to handle the vagueness of information. AHP
is employed to find the priority weight of criteria although an inter-relationship map among
criteria is not possible through AHP alone since it considers all criteria as independent. To
overcome this, DEMATEL is used to establish cause-effect relationships among criteria. 
Findings – The results show that the total cost of ownership is the first weighted criterion in
supplier  selection  for  capital  procurement,  followed  by  manufacturing  flexibility  and
maintainability,  then  conformity  with  requirement.  The  cause-effect  model  shows  that
supplier profile, total cost of ownership, service support and conformity with requirement are
in the cause group and are considered to be the most critical factors in selecting the supplier. 
Originality/value – The study’s outcome can help the automobile industry to optimize their
selection process in selecting their suppliers for capital procurement; the proposed model can
provide guidelines and direction in this regard.
Keywords:  Fuzzy  Delphi,  Capital  Procurement,  Optimize,  Supplier  Selection,  AHP,
DEMATEL.
1. Introduction 
In this competitive era of globalization and fast growing business, lots of information and
data  are  available  in  the  market.  Yet  precise  observation  and various  factors  have  to  be
carefully considered with the help of modern techniques and mathematical models to serve
any organizational  requirements  so that these models can be used effectively to optimize
supplier selection for capital procurement decision making (Büyüközkan and Çifçi, 2011; Wu
and Tsai, 2012; Chuan et al., 2016). The selection of a suitable supplier is an important step
to strengthen the supply chain in a competitive business environment (Chamodrakas et al.,
2010;  Chuan  et  al.,  2016).  For  purchasing  and  procurement  decisions,  the  supply  chain
system has become very important for an organization. Generally, in any manufacturing unit,
the purchase of raw materials ranges from 50 to 90% of the total turnover in that unit.  High
purchasing  costs  and  procurement  are  not  only  the  concerns  for  an  organization;  the
formation of an appropriate supply chain system is also important to help in material and
product designing effectively and efficiently. Therefore, the selection of a supplier directly
influences an organization’s performance (Gunasekaran et al., 2004; Dubey et al., 2015; Sahu
et al., 2016e). Various factors are essential in order to charter aspects of the choice. The use
of these factors to assess the administration of available suppliers is made possible through a
well-framed  approach.  Therefore,  the  supplier  selection  decision  turns  out  to  be  highly
strategic;  when add on factors, such as environmental and socially sustainable factors are
included, the complexity increases with a requirement for a structured framework becoming
essential. This development has broadened the scope from extreme old-style business norms
and factors that are directly related to the type of product, quality or price, to more qualitative
and intangible conditions such as commitment, attitude and relationship. It’s obsolete to use
simple, single criterion approaches which rely on competitive bidding. Our primary motive to
work on vendor selection is to give the company a competitive edge in the market and to
keep  sustainability  in  growth  and  market  leadership  and  finally  deliver  the  best  quality
products to consumers. Therefore, to produce a qualitative product our aim is to select the
most suitable supplier for capital procurement.
In India, we are associated with large numbers of automobile companies where quality and
quantity are of equal importance; delivery of the product on time is expected and satisfying
the  customer  is  mandatory.  Because  of  cut  throat  competition  in  the  market  due  to
homogeneous products, successful firms take the initiative to showcase their creativity and
produce user friendly products with low production costs leading to high quality outcomes
for  the manufacture  of their  goods.  Customized products  can be manufactured  only with
highly accurate and efficient equipment which should be safe in handling, user friendly, easy
to maintain with parts easy to replace (Sahu et al., 2015f).  The capital necessary in product
manufacturing is the backbone of quality and sustainability for the longer term (Ramanathan
et al., 2011; Sahu et al., 2016d;  Dubey et al., 2017). By taking into consideration the most
important  factors  that  can  influence  the  selection  method,  the  best  vendor  for  capital
procurement can be identified.
The methodology which we are using for selection is also important and can deal with the
complex situation in the choice of supplier. Different MCDM methods have been extensively
researched for selection of supplier, with resulting analysis providing an overall outlook of
the standard methods and criteria (Chiou et al.  2008; Ho et al.,  2010; Ramanathan et al.,
2011; Wu and Tsai, 2012; Chai et al., 2013; Mardani et al., 2015; Govindan et al., 2015;
Chuan  et  al.,  2016;  Rezaei  et  al.,  2016;  Dubey  et  al.,  2017).   For  this  particular  topic,
extensive  research  work  is  available  (Gunasekaran  et  al.,  2008;  Mardani  et  al.,  2015;
Govindan et al., 2015; Sahu et al., 2015d; Chuan et al., 2016; Sahu et al., 2016e; Rezaei et al.,
2016;  Dubey  et  al.,  2017).  The  majority  of  available  research  literature  emphasizes  the
problems of selection for the companies and organizations operating in current markets. In
these scenarios,  the suppliers  are  acknowledged and relationships  quickly established but
still, the automobile industry is struggling to get appropriate and optimum supplier selection
models.  Therefore, identifying major criteria for vendor selection for capital procurement is
not only of paramount importance for an automobile company but the overall performance of
the company is  directly  impacted  by this  decision.  Thus it  is  important  and necessary to
determine the quality of the conditions and also to continuously work on any flaws. AHP and
DEMATEL have the capabilities not only to determine the importance of the criteria, but also
to build the cause-effect relationships within the criteria (Wu and Tsai, 2012; Kumar and
Dash, 2017). Evaluation through these multi-criteria models provides an opportunity for a
vendor to continually improve their results on a regular basis. This will not only increase the
reputation of vendors but also directly impact on performance of the company. The weight of
parameters are determined through Analytic Hierarchy Process (AHP) but AHP is not able to
find contextual relationships within the parameters. It considers all parameters as independent
and does not fulfil the aim of this research; to understand the contextual relationships within
the parameters is also important, so that the steps for improvement can be identified from
cause-effect viewpoints. The DEMATEL method has capacity to generate causal diagrams to
narrate the cause-effect relationship among the parameters. Scant literature is available where
Delphi method is used in a fuzzy environment to capture the vagueness of information and to
finalize the criteria where an integrated approach of AHP and DEMATEL has been used.
Therefore,  to fill  this gap, this study aims to develop a deeper understanding of all  those
parameters which decide the vendor selection criteria for capital procurement using AHP and
DEMATEL. The study clearly identifies criteria which affect the vendor selection for capital
procurement. If these are implemented, the company will gain benefit. The motivation behind
this study is to develop a deeper understanding of factors associated with vendor selection for
capital procurement through a literature review and Fuzzy Delphi method in the context of an
automobile company. Using AHP and DEMATEL, multi criteria methods have been used to
determine the weights and cause-effect relationships of parameters.
The study is organized into 6 parts. An introduction and basic preliminaries are given in part
1  and  part  2.  The  literature  review  and  finalizing  the  criteria  for  supplier  selection  are
explained  in  part  3.  Part  4  describes  the  prioritization  and  development  of  a  network
relationship map for vendor selection criteria. Managerial implications are recorded in part 5
with the conclusion in the last part.
2. Preliminaries
To achieve the objectives of the study, a Fuzzy Delphi method and AHP-DEMATEL have
been employed in the context of the Indian automobile industry. To capture the vagueness of
human thought, fuzzy set theory has been used (Zadeh, 1975). Some important definitions of
fuzzy sets and a brief introduction of Fuzzy Delphi, AHP and DEMATEL method are set out
as follows.
2.1 Fuzzy Sets 
Definition 1. Assume U  to be a universe set.  A fuzzy set of U is defined by the membership
function      0,1A x , where    ,A x x U .
Definition 2. The triangular fuzzy numbers (TFNs) of fuzzy set are defined as follows:
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If we have  ~A=(a1 , a2 , a3) and  
~B=(b1 ,b2, b3) as  two TFNs  then according to the extension
principle given by Zadeh (1975), the operational laws can be defined as: 
1. Addition :  (a1, a2 , a3) (b1, b2 , b3) = (a1+b1 ,a2+b2 , a3+b3)
2. Subtraction⊝: (a1, a2 , a3) ⊝(b1 ,b2, b3) = (a1−b1 , a2−b2, a3−b3)
3. Multiplication : (a1, a2 , a3)  (b1, b2 , b3) ≅  (a1b1 , a2 b2 , a3 b3)
4. Multiplication with a real number k : k  (a1 , a2 , a3) = (ka1 , ka2 , ka3)
5. Division⊘: (a1 , a2 , a3)⊘(b1 , b2 ,b3) ≅  (a1/b3 ,a2/b2 , a3/b1)
To integrate  expert  judgment into the process to identify the evaluation criteria,  a  Fuzzy
Delphi technique using triangular fuzzy is employed.  A brief description of Fuzzy Delphi is
explained below:
2.2 Fuzzy Delphi method
Let a, b and c be the minimum, average and maximum ways of representing opinions; they 
are considered as a TFN and can be written as
~W k = (ak, bk, ck)                                                                                                                                                                 (1)
where W̃k  represents the fuzzy number for the criteria k.  ak,  bk,  and ck can be represented as
the minimum, average and maximum number of experts’ opinions.  The centre-of-gravity
method is used to evaluate Sk as shown in Eq. (2).
Sk = (ak + bk + ck)/3                                                                                                                                                                          (2)
The principles for final selection of the criteria are as follows:
(1) If Sk ≥λ accept criterion k, (2) If Sk < λ omit criterion k.
After  finalizing  the  vendor  selection  criteria  for  capital  procurement,  prioritization  of
criteria has been carried out by AHP; DEMATEL is utilized to find the inter-relationships
among the criteria. 
2.3 Analytical Hierarchy process (AHP) method
AHP  is  a  powerful  tool  for  handling  multi-criteria  factors  in  decision  making.  It  was
developed by Saaty (1980). If there are n criteria, then n×(n−1)/2 mutually comparisons can
be calculated with the help of this method (Saaty, 1980).  A 1-9 point scale is used to obtain
experts’ preferences about the selected criteria.  A pairwise comparison is formed as a matrix
shown in Eq.3.
A=(a ij)=[
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where aij, preference comparison the criterion i with criterion j.
Eigenvalues and eigenvectors, as shown in Eq.4, are used to calculate the relative weights of
the criteria.
max
Aw w                                                                                                                            (4)
Here the eigenvector and largest eigenvalue of matrix A are represented by w andλmax. The
reliability  of  the  judgment  of  experts  has  been  checked  by  Consistency  Index  (CI)  and
Consistency Ratio (CR) as defined in Eq.5 and Eq.6
maxCI
1
n
n
                                                                                                              (5)
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RI represents Random Index with n criteria. The value of RI against the number of criteria is
given in Table 1.
Table 1. Random index
n 1 2 3 4 5 6 7 8 9 10
RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.45
If CI ≤ 0.1, this shows the consistency of the pairwise matrix and the final weight of the
criteria can be calculated; otherwise, the matrix has to be revised. The estimation procedure
of the AHP approach is as mentioned in Fig.1.
Fig. 1 Estimation procedure of AHP approach
2.4 DEMATEL method
DEMATEL is generally applied to get a better view of a specific problem and to analyse
feasible solutions by which we can find out the inter-dependence between the elements of a
system with the help of a causal diagram (Wu and Tsai, 2012; Sharma et al., 2016, Kumar
and Dash, 2017a). The causal diagram portrays the interdependence between the elements
within a system (Kumar and Dash, 2016). The causal diagrams show contextual relationships
rather  than  graphs  without  direction  and also  the  strengths  of  the  influence  between  the
elements (Wu et al., 2008). The mathematical steps for DEMATEL are as follows:
Step 1: Experts have been asked to rate the relationship among the criteria with a scale of 0-4,
0-no effect and 4-high effect.  The average of experts’ opinions has been calculated using
Eq.7.  
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Step 2: The matrix normalization has been calculated using Eq.8.
F=m× A ,                                                                                                                 (8)
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Each element in matrix F falls between zero and one. 
Step 3: Eq.10 and Eq.11 have been utilized to estimate the total relation matrix (T) 
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After identifying matrix T, r and c as mentioned in Eq.12 and Eq.13 represent the sum of
rows and columns of the matrix.
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Step 4: Eq.14 has been used to calculate the threshold value(α ) and avoid minor effects.
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The estimation procedure of the DEMATEL approach for this study is as mentioned in Fig.2.
3. Literature Review 
One of the very fundamental strategies is to choose a good supplier to enhance the output
quality of any organization; this directly impacts on the reputation of an organization (Chuan
et al., 2016; Dubey et al., 2017).  A great deal of literature is available related to supplier
selection problems in different industries (Chiou et al. 2008; Ho et al., 2010; Wu and Tsai,
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2012; Chai et  al.,  2013; Mardani et  al.,  2015; Govindan et  al.,  2015; Sahu et  al.,  2016e;
Chuan et al., 2016; Luthra et al., 2017; Tavana et al., 2017). In 2002, Bhutta and Huq pointed
out that the problems relating to supplier selection need the consideration of various factors,
and therefore can be visualized as a multi-criteria decision-making problem. A lot of research
and case studies that have been published talk about the need for integration and cooperation
among suppliers  and customers;  they  also  highlight  how suppliers  play a  critical  role  in
today’s competitive business environment. The major area of research is supplier selection
because selection directly impacts on the performance of the organization. This study focused
on a  big XYZ automobile  company,  the  largest  automobile  manufacturer  in  India.  After
discussion with employees of the company who work on supplier selection and have great
experience in this domain, the following criteria has been selected with the citation of each
criterion given in Table 2.   
 
Fig. 2 Estimation procedure of DEMATEL approach
Vendor/Supplier profile (C1) 
From 2000 and before,  competition among manufacturing companies has been increasing
rapidly; an important factor for them is supplier selection (Zubar and Parthiban, 2014). But
the major  challenge is  how to select  a suitable  supplier  because the supply chain of any
company cannot stay successful and efficient if the exact quantity and required quality of the
end  product  is  not  delivered  at  the  right  location  in  the  right  timeframe.  Supply  chain
management  is  the channel  between each and every component  in  the supply as  well  as
manufacturing processes. Organisations have accepted that they can only be successful until
and unless they satisfy the vendors. In the vast literature review of supplier selection, most
researchers  note  that  before  establishing  a  supplier/vendor  chain,  the  profile  of
vendor/supplier plays a vital role for a company (Mandal and Deshmukh, 1994;  Ho et al.,
2010;  Zubar  and Parthiban,  2014;  Rajesh  and Ravi,  2015;  Nikabadi  and Zamani,  2016).
Selecting the appropriate vendors minimizes the cost of purchase and significantly impacts on
organizational performance. While analysing the supplier profile, a company should check
the turnover, its  revenue generation through orders and profit  generation.   Their financial
strength can be checked through the balance sheet of the potential supplier (Rajesh and Ravi,
2015).  Apart  from the  financial  aspects,  a  business  manager  should  check  the  vendor’s
employees’ strengths in terms of numbers and their knowledge and skill sets. The vendor
should  be  operational  within  socially  well  accepted  grounds  with  no  negative  social
connotations (Ho et al., 2010;  Zubar and Parthiban, 2014 Nikabadi and Zamani, 2016). A
vendor’s premises, infrastructure and activities should conform to all legal regulations. There
should be no serious threats or demands on the vendor’s business or his associates since these
could hinder the performances of the vendor in terms of delivery line, quality of service or
any other possible adverse outcomes. 
Total Cost of Ownership (C2)
During vendor selection,  the  total  cost  of ownership (TCO) factor  also plays  a vital  role
(Mohammady Garfamy, 2006; Ramanathan, 2007).  A company needs to think about more
than  the  price  of  a  purchase;  consideration  needs  to  be  given  to  other  related  costs
(Mohammady Garfamy, 2006; Ramanathan, 2007; Kanagaraj et al., 2016).  All costs related
to  acquisition,  usage, maintenance,  follow-up of  purchased  goods  or  services  as  well  as
purchasing price are considered in TOC (Mohammady Garfamy, 2006; Ramanathan, 2007;
Bubeck et al., 2016).  TOC is  gradually playing a more significant role for a company in
understanding their costs and selecting the appropriate vendor (Mohammady Garfamy, 2006).
It increases the buyer’s understanding of supplier performance (Mohammady Garfamy, 2006;
Zhang and Zhang, 2011).
Service Support (C3)
A vendor should provide supports and services after procurement of the capital (Dweiri et al.,
2016).  However  all  written  conditions  have  to  be  fulfilled  as  per  the  agreement;  it  is
recognised  that  some non-written  supports  are  sometimes  required  during  installation  of
machines. Vendors and suppliers should have complete knowledge of the product to be used
and be aware of probable behaviour and future functional difficulties which may develop
during usage (Wu and Tsai, 2012; Igoulalene et al., 2015; Dweiri et al., 2016). Therefore all
dos and don’ts should be mentioned in the manuals and also elaborate the probable causes
and their remedies to solve any operational and functional difficulties (Sahu et al., 2016e).
Vendors  should  proactively  provide  information  of  the  capital  life  cycle  period  with  its
repairable  and replaceable  methods  for  the  supplied  capital  equipment  (Sivakumar  et  al.,
2015;  Dweiri  et  al.,  2016).  Supplier  response  time  to  handle  the  no  functionality  of  the
equipment should be considerably lower. A higher response time means a longer duration of
stoppage of equipment; this is directly related to product opportunity loss in the competitive
market (Sivakumar et al., 2015; Dweiri et al., 2016). 
Delivery Adherence and History (C4) 
Procurement of capital from a selected vendor or supplier is dependent on the delivery factor
(Chiou et  al.  2008). How quick can they deliver the order? This is a major factor which
contributes to a firm’s planning, parts producing and delivery scheduling for the consumer
(Grisi et al., 2010). This chain relies on the backend planning of capital procurement and
delivery adherence schedules.  Taking this into account, the purchaser must check the history
of the supplier towards his own firm or any other similar firms. A business should confirm
with the vendor prior to purchase about customising machinery or equipment according to
their  requirements  or if only supply standard products are available  (Wu and Tsai,  2012;
Sabaei et al., 2015; Rezaei et al., 2016). Product customising with marginal cost should be
considered both by the vendor and buyer. 
Manufacturing Flexibility and Maintainability (C5)
A manufacturer should have facilities in his designs for easy maintenance of equipment and
to ensure reliability. A manufacturer’s team should make sufficient trials to get repeatability
of the quality of parts and equipment from critical testing to check the optimal performance
before delivery to a customer. Its design flexibility must make sure that replacing spare parts
is  a  simple process and that  change can happen easily  and quickly (Rezaei  et  al.,  2016;
Kanagaraj et al., 2016). Parts should be standard and easily available on the market. These
interchangeable parts should be easy to maintain equipment efficiently with little time needed
to procure these parts. They should also be economical in price (Sahu et al., 2015d; Dubey et
al., 2017). 
Current Customer Feedback (C6)
Feedback  from customers  regarding  the  vendor  is  an  essential  part  of  selection  criterion
(Sivakumar et al., 2015; Rajesh and Ravi, 2015). Supplier relations with existing and new
customers are the base line of trading in a successful business. Recommendations  of end
users can be used in negotiation or dealing with the supplier. Feedback of existing customers
about the supplier regarding product performance is powerful. Discussion can be circulated
about the service provided by the supplier – is it satisfactory or not?  Equipment failure time
should also be made available.  Feedback from internal customers already dealing with the
firm should be sought from the supplier (Sivakumar et al., 2015; Rajesh and Ravi, 2015).
Potential customers can get information about production, maintenance and service regarding
equipment performance of the designated vendor/supplier (Sahu et al., 2014e; Sahu et al.,
2016d). 
Conformity with Requirement (C7)
During detailed discussion with the supplier, most of the time a supplier will force or push
the  deal  towards  his  standard  product  with  only  minor  changes.  This  is  because  capital
investment for manufacturing the basic product at his place is considerably less. However the
requirement of the purchasing firm may be different so that the supplier has to invest in his
infrastructure to satisfy the needs of prospective clients (Raut and Bhasin, 2012; Govindan et
al., 2015; Sahu et al., 2016d). Therefore, it should be taken into consideration that a company
should make clear his primary and secondary requirements and that the supplier has to deliver
equipment according to the instructions received from the firm. 
Usage of Next Generation/Green Technology (C8) 
Usage of existing versus new technology is also an important factor when choosing a vendor
(Rezaei et al., 2016). The vendor will become part of the supply chain of the company. At a
later stage, business sustainability would be the other prerequisite added to the customer’s
list.  If a supplier cannot fulfil the prerequisite condition, in that case he may find himself off
the list.  At the early stages we need to know if a supplier is adopting new technologies in his
processes  or working with old technologies.  Old technologies  are  very soon going to  be
phased out. This is another threat to the owners of firms who are investing big amounts in
equipment  procurement  (Govindan et  al.,  2015; Rezaei  et  al.,  2016; Dubey et  al.,  2017).
Usage of green and sustainable  technology with regard to the environment  is  among the
social and financial aspects in today’s market. Now it is essential to check involvement in the
current practice of businesses (Sahu et al., 2016d).  A check should be made as to whether a
supplier is embracing a green technology concept in his business or not. There needs to be a
willingness towards less consumption of energy resources, less polluted processes, safe and
environmentally friendly material usage and a capability of the product to be reused through
recycling after completion of the life cycle of the product or equipment (Büyüközkan and
Çifçi, 2011; Sahu et al., 2015f; Rezaei et al., 2016; Dubey et al., 2017). 
Based on the above review, the citation of each criterion is summarized in Table 2 with
support references as the foundation for Fuzzy Delphi, AHP and DEMATEL.  
 Table 2. Citation of vendor selection criteria for capital procurement 
Criteria Support literature 
Vendor/Supplier Profile (C1) Ho et al. (2010); Zubar and Parthiban (2014); Rajesh and
Ravi (2015); Sahu et  al.  (2016e),  Nikabadi and Zamani
(2016)
Total Cost of Ownership (C2) Mohammady Garfamy (2006); Ramanathan, (2007); Ho et
al. (2010); Bubeck  et al. (2016); Kanagaraj et al. (2016)
Service Support (C3)  Kankanhalli  et  al.  (2011);  Sivakumar  et  al.  (2015);
Igoulalene et al. (2015); Dweiri et al. (2016); Sahu et al.
(2016e); Kumar and Dash, 2017b); Dubey et al. (2017)
Delivery Adherence & 
History (C4)  
Chiou  et  al.  (2008);  Grisi   et  al.  (2010);  Sabaei  et  al.
(2015); Rezaei et al. (2016)
Manufacturing Flexibility and
Maintainability (C5)    
Büyüközkan and Çifçi (2011); Wu and Tsai (2012); Shaw
et  al.  (2012);  Sahu et  al.  (2014b);  Sahu et  al.  (2015d);
Sabaei et al. (2015); Rezaei et al. (2016); Kanagaraj et al.
(2016); Tao et al. (2016)
Current Customer Feedback 
(C6)
Chan  et  al.,  (1999);  Yan  (2009);  Sahu  et  al.  (2014e);
Sivakumar et al. (2015) ; Rajesh and Ravi (2015)
Conformity with Requirement
(C7)
Büyüközkan and Çifçi (2011); Wu and Tsai (2012); Raut
and Bhasin (2012); Sahu et al. (2014b); Govindan et al.
(2015); Rezaei et al. (2016)
Usage of Next 
Generation/Green Technology
(C8)
Grisi  et al. (2010); Büyüközkan and Çifçi (2011);  Shaw
et al.  (2012); Wu and Tsai (2012); Sahu et al.  (2014b);
Govindan et  al.  (2015); Sahu et  al.  (2015f), Sahu et  al.
(2016d); Rezaei et al. (2016); Dubey et al. (2017)
4. Criteria Validation 
For validation of the criteria, a strong approach must be adopted (Chen et al., 2008). Many
qualitative models are available but the technique called the Delphi technique, popularized by
the Rand Corporation, merges the opinions of all the experts and indicates the criteria for
criteria selection; this is being widely used (Chen et al., 2008). In the Delphi method, the
group decisions are recorded without any consideration given to face-to-face communication
(Osborne  et  al.,  2003).  Since  the  Delphi  method  is  completely  a  scientific  method  of
combining group opinions and does not require large samples, it is completely different from
the traditional face-face methods in terms of the feedback, the stability of the replies towards
a common problem by all the experts and the feedback system (Van Zolingen and Klaassen,
2003). But this method suffers from low coverage of expert opinions and more execution
costs. To overcome this problem, Murray et al. (1985) and Ishikawa et al. (1993) integrated a
new technique called Fuzzy Delphi method.  Being a highly quantitative process, the problem
of  uncertainty  and  doubtfulness  are  covered  in  this  method  and  experts’  opinions  are
converted into a reduced number of rounds of surveys (Mishra et al.,  2015e). The recent
advancement in decision-making techniques is using the Fuzzy Delphi method and multi-
criteria decision-making methods together to make the process more effective. This is now
being applied to various new areas (Kumar and Dash, 2017a, Kumar and Dash, 2017b). This
has been used for validation and a rigorous process has been followed. The questionnaire was
designed based on linguistic scales as mentioned in Table 3. Invites were given to  senior
managers from the automobile company; they are all working in vendor selection in different
plants.
  Table 3. The linguistic scales
Linguisti
c Scales
Extremely
Important Important Normal Unimportant
Extremely
Unimportant
TFN 0.7, 0.9, 0.9 0.5, 0.7, 0.9 0.3, 0.5, 0.7 0.1, 0.3, 0.5 0.1, 0.1, 0.3
Using the Fuzzy Delphi method, the prominent parameters are filtered. The threshold value
for filtering affects the number of parameters. The higher value would filter out more criteria
and hence impact on this research. In this study, a threshold value of 0.6 has been set as it is
the average of least value of important - 0.5 and maximum value of normal - 0.7. Final results
are depicted in Table 4.
                         Table 4. Validation value for the criteria for capital procurement
Criteria S
Vendor/Supplier Profile (C1) 0.7420
Total Cost of Owner Ship (C2) 0.6831
Service Support (C3) 0.6643
Delivery Adherence & History (C4) 0.8104
Manufacturing Flexibility & Maintainability (C5) 0.6743
Current Customer Feedback (C6) 0.7583
Conformity with Requirement (C7) 0.6554
Usage of Next Generation/Green Technology (C8) 0.7244
5. Prioritization and Network Relationship Map (NRM)
After validation of evaluation criteria, the second questionnaire was developed based on the
final  eight  criteria  for  the  AHP-DEMATEL  method.  Data  has  been  collected  by  using
convenience sampling and followed a rigorous process. For an effective evaluation, fifteen
experts from different plants of the company located in different locations were contacted.
For each plant, senior manager level persons who have worked for the last 8 years in supplier
selection were invited to answer the questionnaire; all have expertise in their respective fields
and are skilled in decision making.  
To get the weight of criteria, AHP is used and data has been synthesized in excel.  Let C =
{Cj| j= 1, 2… n} is the decision criteria set. The data of the available pair wise comparison of
n criteria can actually be summarized into an (n x n) evaluation matrix named A in which
each element aij (i, j = 1, 2 ... n) is the quotient of weights of the criteria. We would have (n x
n) matrixes for every expert; the geometric mean of all the matrixes was then taken to form a
geometric mean matrix (Dalalah, 2011). The average mean has been taken (Büyüközkan and
Çifçi, 2012); the matrix shown in Table 5 has been formed by averaging all the corresponding
rankings of each pairwise comparison of all experts/respondents. 
                         Table 5. Average matrix 
  C1 C2 C3 C4 C5 C6 C7 C8
C1 1.0 0.6 2.3 2.8 0.6 2.1 1.2 4.9
C2 4.0 1.0 4.5 4.9 2.5 4.5 2.1 6.4
C3 1.7 0.9 1.0 3.3 1.1 2.2 1.1 5.0
C4 1.6 0.7 1.0 1.0 0.8 1.5 0.6 3.7
C5 4.3 1.5 3.6 3.7 1.0 3.9 1.6 7.1
C6 1.8 0.8 1.1 1.8 0.6 1.0 0.8 3.9
C7 4.3 1.6 3.5 4.3 1.9 3.7 1.0 6.5
C8 0.3 0.4 0.2 0.3 0.2 0.3 0.2 1.0
The normalization matrix shown in Table 6 is obtained by dividing a column by the sum of
the corresponding column. As a process of cross verification,  the sum of each column is
checked if it is 1 or not and the same has been confirmed. The average of each row has been
taken to find the weight; by doing this the individual weightage of each criteria and rank has
been derived and is shown in Table 7. The degree of CI and CR has been calculated by routes
given by Saaty (1980) with Eq.5 to Eq.6.  The CR value obtained is  less than 0.1 and it
substantiates the acceptability of the matrix.
                              Table 6. Normalization matrix
  C1 C2 C3 C4 C5 C6 C7 C8
C1 0.05 0.08 0.13 0.13 0.07 0.11 0.13 0.13
C2 0.21 0.13 0.26 0.22 0.29 0.24 0.25 0.17
C3 0.09 0.12 0.06 0.15 0.13 0.11 0.13 0.13
C4 0.08 0.10 0.06 0.05 0.09 0.08 0.07 0.10
C5 0.23 0.20 0.21 0.17 0.12 0.20 0.18 0.19
C6 0.09 0.11 0.06 0.08 0.07 0.05 0.10 0.10
C7 0.23 0.21 0.20 0.19 0.22 0.19 0.12 0.17
C8 0.01 0.05 0.01 0.01 0.02 0.01 0.03 0.03
Table 7. Criteria weightage 
Criteria Weightage Percentage (%) Rank
Vendor/Supplier Profile (C1) 0.10 10 4
Total Cost of Owner Ship (C2) 0.22 22 1
Service Support (C3) 0.12 12 3
Delivery Adherence & History (C4) 0.08 08 5
Manufacturing Flexibility & Maintainability (C5) 0.19 19 2
Current Customer Feedback (C6) 0.08 08 5
Conformity with Requirement (C7) 0.19 19 2
Usage of Next Generation/Green Technology (C8) 0.02 02 6
The most  important  criteria  based on Table 7 is  Total  cost  of ownership  (C2) with 22%
weight,  while  Manufacturing Flexibility  and Maintainability  (C5) (19%),  Conformity with
Requirement (C7) (19%), and Service Support (C3) are ranked second and third respectively.
The importance of all eight criteria can be prioritized as Total Cost of Owner Ship (C2) >
Manufacturing Flexibility & Maintainability (C5) and Conformity with Requirement (C7) >
Service Support (C3) > Vendor/Supplier Profile (C1) > Delivery Adherence and History (C4)
and Current Customer Feedback (C6) > Usage of Next Generation/Green Technology (C8).
The graphical representation of weight is given in Fig.3. 
Total cost of ownership
Conformity with Requiremnt
Manufacturing flexibility
Service support
Supplier Profile
Customer feedback
Delivery 
Usage of green /sustainable technology
0% 5% 10% 15% 20% 25%
21%
19%
19%
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11%
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2%
                                     Fig. 3. Graphical representation of criteria weight 
To check the interdependence among selected criteria, the DEMATEL technique has been
utilized. Firstly, the average matrix A is constructed by Eq.7 as displayed in Table 8. The
normalized influence matrix is calculated by Eq.8 and the total influence matrix T from Eq.
11.  Finally the NRM is constructed by Eq.12 and Eq.13 as displayed in Fig.4. 
             Table 8. Average matrix 
C1 C2 C3 C4 C5 C6 C7 C8 Sum
C1 0.0 1.0 3.0 2.0 3.0 2.0 3.0 4.0 18.0
C2 1.0 0.0 1.0 2.0 3.0 4.0 2.0 1.0 14.0
C3 4.0 1.0 0.0 2.0 4.0 2.0 1.0 4.0 18.0
C4 3.0 1.0 1.0 0.0 4.0 3.0 1.0 2.0 15.0
C5 4.0 1.0 3.0 2.0 0.0 2.0 4.0 2.0 18.0
C6 1.0 2.0 3.0 4.0 1.0 0.0 1.0 3.0 15.0
C7 4.0 2.0 3.0 1.0 4.0 2.0 0.0 4.0 20.0
C8 1.0 4.0 2.0 3.0 3.0 2.0 3.0 0.0 18.0
Su
m 18.0 12.0 16.0 16.0 22.0 17.0 15.0 20.0
 ----
Step 2: Nominalization of matrix A is calculated by m x A for a new matrix F where 
 A   =
1 1
1 1 1 1 1, , 0.045
20 22 20
min
max max
n n
i ij j ij
j j
m
a a
 
 
           
 
 
 
                 F =[
0.000 0.045 0.136 0.091 0.136 0.091 0.136 0.182
0.045 0.000 0.045 0.091 0.136 0.182 0.091 0.045
0.182 0.045 0.000 0.091 0.182 0.091 0.045 0.182
0.136 0.045 0.045 0.000 0.182 0.136 0.045 0.091
0.182 0.045 0.136 0.091 0.000 0.091 0.182 0.091
0.045 0.091 0.136 0.182 0.045 0.000 0.045 0.136
0.182 0.091 0.136 0.045 0.182 0.091 0.000 0.182
0.045 0.182 0.091 0.136 0.136 0.091 0.136 0.000
]
Since the column sum of each column of the normalized initial direct-relation matrix in D is
less than one, the feasibility solution exists and supports the applicability of DEMATEL in
the analysis (Lee et al., 2013, Falatoonitoosi et al., 2014).
Matrix T  is calculated by
                 T = F (I−F ¿¿−¿¿
              = [
0.403 0.324 0.485 0.438 0.591 0.441 0.472 0.598
0.348 0.208 0.323 0.360 0.470 0.438 0.345 0.375
0.554 0.319 0.362 0.438 0.620 0.438 0.400 0.592
0.452 0.270 0.350 0.298 0.539 0.419 0.339 0.444
0.569 0.319 0.491 0.436 0.475 0.443 0.510 0.534
0.365 0.307 0.405 0.451 0.428 0.298 0.317 0.469
0.598 0.387 0.523 0.435 0.671 0.477 0.391 0.640
0.431 0.424 0.428 0.462 0.574 0.440 0.455 0.412
] 
The total of both the rows and columns of T are calculated by Eq.12 and Eq.13 and the result
shown in Table 9. 
Step 4: Threshold values are computed using Eq.14 with values greater than α (0.4377) in
Matrix T marked bold; INRM has been constructed and depicted in Fig. 4. 
1 1 28.02 0.4377
64
n n
ij
i j
N
t
  
 
 
  

    Table 9. Cause and effect evaluation
Criteria
r i c j r i−c j
Impac
t
Vendor/Supplier Profile (C1) 3.75
2
3.719  0.032 Cause
Total Cost of Owner Ship (C2) 2.86
6
2.558  0.308 Cause
Service Support (C3) 3.72
3
3.368  0.354 Cause
Delivery Adherence and History (C4) 3.11
0
3.319 -0.209 Effect
Manufacturing Flexibility and Maintainability 
(C5)
3.77
7
4.367 -0.590 Effect
Current Customer Feedback (C6) 3.04
0
3.394 -0.355 Effect
Conformity with Requirement (C7) 4.12
3
3.228  0.895 Cause
Usage of Next Generation/Green Technology (C8) 3.62
6
4.063 -0.437 Effect
In matrix T the values of t ij have been calculated; if the element of matrix T is greater than
threshold  value  α (0.4377),  that  element  is  shown in bold  in  matrix  T e.g.  the  value  of
t 13 (0.485 )>α(0.4377); this relationship in the digraph showing with help arrow as  C1 to C3
mean C1 effects C3.  In the same manner all relationships on the basis of threshold value and
matrix T are constructed  as shown in Fig.4. All eight  criteria have been divided into two
groups i.e. (i) cause group and (ii) effect group with help of r-c values. 
 (i) If (r-c) has positive value, say net cause, these criteria are categorised as the cause group
and directly  affect  the others.  The criteria  containing  a  high value  is  considered to  have
highest  impact  on  the  other  criteria  directly.  The  analysis  of  this  study  shows  that
Vendor/Supplier Profile (C1), Total Cost of Owner Ship (C2) and Service Support (C3) are the
cause group criteria with 0.0308, 0.308 and 0.895 r-c values.  (ii) If (r-c) has negative value,
say net receiver, then all net receiver criteria are in the effect group and are affected by the
others.  The  analysis  shows  that  Delivery  Adherence  and  History  (C4),  Manufacturing
Flexibility  and  Maintainability  (C5),  Conductivity  of  Paint  (C3),  Technical  Support  (C5),
Current Customer Feedback (C6) and  Usage of Next Generation/Green Technology (C8) are
in the effect group having  (r-c) values of -0.209, -0.590, -0.355 and -0.437. 
               Fig. 4. Network relation map (NRM) within criteria 
5. Managerial Implications 
Selection  of  suppliers  is  a  major  challenge  for  any  automobile  industry.  It  is  important
because they have to sustain themselves in the competitive environment and to do that they
are  always  on  the  lookout  to  upgrade  their  selection  criteria  of  suppliers  for  capital
procurement so that they can achieve the maximum utilization of resources that they usually
consume. The study’s outcomes contribute much in theoretical  and practical  perspectives.
From a theoretical  perspective,  the study has prioritized the evaluation criteria  for capital
procurement and has developed a cause-effect model i.e. Network Relationship Map (NRM)
among criteria. From a practical perspective, the results of this study can help industry to
make informed decisions on supplier selection for capital procurement and how to optimize
their  resources.  The findings  show that  the  criteria:  vendor/supplier  profile,  total  cost  of
ownership, service support and conformity with requirement  are net causes and affect the
other criteria directly. Table 7 shows the importance of these cause criteria with rankings one
to four i.e. total cost of ownership ranks first, conformity with requirement ranks two, service
support ranks three and vendor/supplier profile ranks four. Based on the value of the matrix,
these criteria affect all other criteria. A company must focus on these cause criteria when they
select their supplier for capital procurement. Therefore, from the supplier’s point of view,
they must examine their criteria carefully to ensure a successful process. Supplier profile is in
the cause group and is mutually affected by almost all other criteria. Total cost of ownership
criteria  is  also in the cause group and  can be considered as the most important  criterion
according to priority weight. In literature, the studies conducted by  Mohammady Garfamy
(2006) and Ramanathan (2007) support the outcomes of our study.  Suppliers should provide
supports and services after procurement of the capital (Dweiri et al., 2016) and proactively
provide  information  of  the  capital  life  cycle  period,  its  repair  and  replaceable  methods
(Sivakumar  et  al.,  2015;  Dweiri  et  al.,  2016).  Supplier  response  time  to  tackle  the  non-
functionality of the equipment should be considerably lower. A longer response time means a
bigger duration of stoppage of equipment; this is directly related to product opportunity loss
in today’s competitive market (Sivakumar et al., 2015; Dweiri et al., 2016). Conformity with
requirement criteria contains rank one and is in the cause group.  Suppliers have to invest in
infrastructure and that investment is vital for suppliers’ prospects (Raut and Bhasin, 2012;
Govindan et al., 2015). 
6. Conclusion
The study was conducted for the construction of capital procurement decision making models
to optimize supplier selection for an Indian automobile company. To achieve the objectives
of the study, a three phased methodology has been used. First phase is to find evaluation
criteria through an extensive literature review and expert discussion; second is to finalize the
criteria through Fuzzy Delphi method and the last is to prioritize and develop digraph i.e. a
cause-effect relationship map among the evaluation criteria. There is no doubt that all the
components  are  required  but  all  of  them  don’t  have  the  same  priority.  In  many  cases,
decisions are made upon giving crisp values but all these crisp values are not such an accurate
reflection of what is exactly happening. The need for fuzzy theory arose from the fact that
human  judgments  about  preferences  are  always  unclear  and  is  hard  to  estimate  from
numerical values. The pre-selection phase has been conducted in two ways: interaction with
experts and extensive citation base literature review of criteria. To handle such situations,
which are complex and uncertain, a Delphi method was first applied in the fuzzy environment
to  finalize  the  selection  criteria  of  supplier  selection.  This  research  applies  AHP  and
DEMATEL methods to choose a vendor in the manufacturing industry in India. With the help
of AHP only, we are not able to find cause-effect relationships of each criterion as criteria are
considered to be independent.  DEMATEL is the technique which can establish the inter-
relationship among the parameters. 
AHP is used to prioritize and from the results derived, we have discovered that total cost of
ownership is the most important criterion and usage of next generation/green technology is
the least important for supplier selection for capital  procurement. In fact, just ranking the
criteria doesn’t fulfil the requirement to identify the inter-relationship within the criteria; the
DEMATEL technique provides a suitable result for it. With the help of this technique the
cause-effect  relations  among  the  criteria  can  be  easily  established.  The  current  study
employed  this  technique  to  find  out  the  inter-relationship  between  criteria.  From  the
DEMATEL results, we have learned that among all criteria the vendor/supplier profile is the
most influential  and has the strongest connection to other criteria.  Literature suggests that
from cause-effect  groups,  we need to  focus  on first  cause because this  group is  a  direct
influence  on  others.  Table  9  shows that  vendor/supplier  profile,  total  cost  of  ownership,
service support and service support are  in the cause group; therefore the management  of
manufacturing  companies  should  pay  much  attention  to  these  criteria  first  rather  than
receivers;  delivery  adherence  and  history,  manufacturing  flexibility  and  maintainability,
current customer feedback and usage of next generation/green technology. 
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